Background {#Sec1}
==========

Under-five mortality rate (UFMR) reflects the socioeconomic, health, and environmental conditions in which a child lives and develops \[[@CR1]\]. It is defined as the probability of a child dying before attaining the exact age of 5 years, calculated per 1000 live births. Globally, UFMR has declined from 91 per 1000 live births in 1990 to 43 in 2015, which corresponds to a 52.7% reduction \[[@CR1]\]. However, the world could not achieve the Millennium Development Goal (MDG) 4 of reducing UFMR by two-thirds in 2015 than in 1990 \[[@CR1]\]. In 2015, more than 80% of the total 5.9 million under-five deaths was estimated to have occurred mostly from preventable causes in developing countries \[[@CR1]\]. Under-five mortality rate as a socioeconomic and health barometer has thus been included in the Sustainable Development Goals (SDGs) with a renewed target of reducing the overall global mortality rate to less than 25 per 1000 live births by 2030 \[[@CR2]\].

Bhutan is a small, landlocked, mountainous country situated in the Himalayas whose total projected population in 2016 was 768, 577 \[[@CR3]\]. Healthcare services are provided free of charge through a healthcare system that is predominantly funded by the State. The private health service providers are limited to a few diagnostic centres and retail pharmacies \[[@CR4]\]. Bhutan has been able to make significant progress in improving the health of its population. Bhutan's UFMR declined from 134 per 1000 live births in 1990 to 37 in 2012 \[[@CR5]\], and further to 33 per 1000 live births in 2015 \[[@CR1]\], thus, achieving the MDG goal 4. Nonetheless, its current UFMR is still higher than that of some countries in the South Asian region such as Sri Lanka and the Maldives, which have a UFMR of around 9 to 10 per 1000 live births each, and with figures of 12 and 27 for Thailand and Indonesia, respectively \[[@CR1]\]. Furthermore, out of more than 190 countries, Bhutan ranks 67th (in descending order) in terms of national UFMR \[[@CR1]\].

Numerous studies have been conducted to examine the factors influencing under-five mortality (UFM) from countries in the South Asian region and around the world. Factors found to be associated with UFM include parent's education, mother's age, socioeconomic status, birth order, birth interval, and birth weight \[[@CR6]--[@CR18]\]. The place and region of residence, sex of the child, number of births in the past one year, and number of under-five children in a household are also documented to be associated with UFM \[[@CR13]--[@CR17], [@CR19]--[@CR21]\]. Furthermore, studies show that the place of delivery, previous death of siblings, marital status, household headship, and breastfeeding predicted child mortality risk \[[@CR14]--[@CR18], [@CR20]--[@CR23]\]. Evidence also suggests that UFM is correlated with household size, domestic violence, electricity, safe sanitation and drinking water, and indoor air pollution \[[@CR6], [@CR17], [@CR21]--[@CR29]\]. Use of health services and family planning services and methods are significantly associated with lower child mortality risk \[[@CR7], [@CR14], [@CR15], [@CR21], [@CR23]\].

There is a paucity of literature on factors influencing UFM in Bhutan. The Global Burden of Disease Profile suggests malnutrition, being underweight, and household air pollution as major risk factors for child mortality \[[@CR30]\]. The Bhutan Multiple Indicator Survey 2010 (BMIS) revealed a higher probability of death among male children, among children born in the eastern region, those born to mothers with low education level, as well as those born in poorer households and rural areas with an uneducated mother \[[@CR31]\]. However, the BMIS neither comprehensively examined all probable factors nor carried out multiple regression analysis \[[@CR31]\]. Likewise, the latest Bhutan National Health Survey (BNHS) conducted in 2012 did not assess the factors correlated with UFM \[[@CR5]\]. The literature search did not reveal any study from Bhutan investigating the factors influencing UFM. To gain a better understanding of the factors influencing UFM that can help develop targeted and cost-effective strategies to improve child survival and reduce health disparities in Bhutan, this study aims to describe the distribution of UFM and to examine the key factors associated with UFM in Bhutan using the BNHS 2012 dataset. The use of stepwise hierarchical modelling and complex sample analysis that accounts for unequal selection probability enabled the identification of the significant factors.

Methods {#Sec2}
=======

Study design and sampling {#Sec3}
-------------------------

This study used the latest nationally representative dataset (inclusive of all 20 districts) of the BNHS 2012 to explore the factors influencing UFM \[[@CR5]\]. The BNHS 2012 was intended to generate nationally representative quality indicators and to assess the trend of population health. The main sampling strata were the urban and rural areas in each district, where the sample was selected in two stages. Villages in rural areas and blocks in the urban areas were selected systematically with probability proportional to size in each stratum. Households were listed and sequentially numbered in the selected primary sampling units. The households were then selected in each enumeration area using a systematic selection method.

The Ministry of Health (MoH) in collaboration with the National Statistics Bureau of Bhutan carried out the survey from November 2012 to February 2013. A total of 13,256 households (97%) were interviewed, where out of 45,635 eligible individuals aged 10--75 years, 39,789 (87%) were interviewed. For the domestic violence (females 10--75 years) and the women's (10--49 years) questionnaires, the response rate was 90 and 91% respectively. Details of the methods and findings of the BNHS 2012 have been published previously \[[@CR5]\].

Merging data files and data extraction {#Sec4}
--------------------------------------

In total, five BNHS 2012 datasets - birth history, women, household, immunization, and domestic violence data files were obtained from the MoH. The common base variables in all datasets were used to merge the women and the household datasets initially. The merged dataset was then merged with the birth history, immunization, and domestic violence datasets sequentially using the SPSS version 20 package. The final merged dataset was transferred to the STATA version 14 package for analysis \[[@CR32]\].

To allow for the youngest child to have attained 5 years of life at the commencement of the BNHS in November 2012, and to be consistent with the BNHS 2012 report \[[@CR5]\], all live births from November 2002 to October 2007 were extracted. Singleton births were extracted for our analysis to avoid potential confounding effect by multiple pregnancies. Out of 7136 total single births, 6397 were selected. Eight observations with no information on mortality were excluded, leaving a final sample of 6389 live births. This sample also included 221 and 310 births in 2002 and 2007 respectively, with missing information about the birth month.

The BNHS 2012 collected information on health-related variables only for births that occurred two years prior to the survey \[[@CR5]\]. However, this study included births from November 2002 to October 2007. Thus, the shorter period in the provision of information on health-related variables resulted in a huge proportion (\> 80%) of missing observations for these variables in the final merged dataset.

Dependent variable {#Sec5}
------------------

All deaths for boys and girls occurring before the exact age of 5 years from November 2002 to October 2007 were regarded as under-five death. To enable the regression analysis, the status of UFM of each child was further expressed as a binary variable; deaths and survivals were coded as 1 and 0 respectively.

Conceptual framework for the study in Bhutan and independent variables {#Sec6}
----------------------------------------------------------------------

This study adapted and modified Mosley and Chen's conceptual approach for analyzing determinants related to UFM in developing countries \[[@CR33]\] in cognizance of the Bhutanese context, the significant factors found in the literature, and the availability of information in the BNHS 2012 dataset (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Conceptual framework illustrating the factors influencing under-five mortality

The modified conceptual framework groups the independent variables into four categories: socioeconomic, bio-demographic, environmental, and health-related factors. Mother's age, mother's age when first married, mother's age when first pregnant, mother's marital status, sex of the child, the total number of births, sex of the household head, and birth order comprised the group of bio-demographic variables. The socioeconomic group included the education levels of the mother, husband, and the household head, the household size, the mother's and household head's working status, and the availability of electricity. Furthermore, this group included the household wealth index, region, place of residence, and the mother's experience regarding domestic violence. Environmental variables considered were access to a safe drinking water source and sanitation facilities, and the use of solid fuel. Health-related factors comprised of the maternal tetanus toxoid (TT) immunization status, place of delivery, delivery by skilled attendants, antenatal and postnatal care, contraceptive use, and colostrum feeding. The operational definition of all these independent variables is provided in Table [1](#Tab1){ref-type="table"}.Table 1Categories and operational definition of independent variablesVariablesDefinitions/categoriesaBio-demographic variables1Mother's ageAge of the mother, in years (\<=25, 26--30, 31--35, 36--40, 41--45, \> 45)2Mother's age when first marriedAge of the mother when first married, in years (\<=15, 16--20, 21--25, \> 25)3Mother's age when first pregnantAge of the mother when she first conceived a child, in years (\<=15, 16--20, 21--25, \> 25)4Mother's marital statusMarital status of the mother (married, not married (includes divorced, single, widowed, separated))5Sex of the childGirl, Boy6Total birthsTotal number of births by the mother in her lifetime (\<=2, 3--4, \> 4)7Sex of the household headMale, Female8Birth orderThe birth order number/rank of the child in the family (first, second/third, \> = fourth)bSocio-economic variables1Mother's educationMother's formal level of education/schooling (no education, primary, high school, tertiary (includes university, diploma, certificate), monastic/non-formal education)2Education of the husbandHusband's formal level of education/schooling (no education, primary, high school, tertiary (includes university, diploma, certificate), monastic/non-formal education)3Education of the household headHousehold head's formal level of education/schooling (no education, primary, high school, tertiary (includes university, diploma, certificate), monastic/non-formal education)4Household sizeNumber of members in each household (\<=5, \> 5)5Electricity availabilityHousehold has electricity (yes, no)6Mother's working statusThe working status of the mother (not working, working)7Household head's working statusThe working status of the household head (not working, working)8Wealth indexEconomic/wealth status of the household (poorest, second, middle, fourth, richest)9Region of residenceThe administrative region where the family resides (western, central, eastern)10Place of residenceArea of residence (urban, rural)11Domestic violenceMother's experience of domestic violence (no, yes)cEnvironmental variables1Safe drinking waterHousehold has access to safe drinking water source (yes, no)2Safe sanitation facilitiesHousehold has access to improved sanitation facilities (yes, no)3Use of solid fuelUse solid fuel for cooking (yes, no)dHealth-related variables1Maternal TT immunizationTetanus toxoid injection status of mothers who were or became pregnant in the past year preceding the survey (not immunized, partially immunized, fully immunized)2Contraceptive useUse of contraceptives (ever used, never used)3Place of deliveryPlace of delivery for the birth two years preceding the survey (institutions (includes health centres), home)4Skilled deliveryDelivery was attended by skilled persons for the child born two years preceding the survey (yes, no)5Antenatal careAttended any number of antenatal care by the mother for the child born two years preceding the survey (yes, no)6Postnatal careAttended any number of postnatal care by the mother for the child born two years preceding the survey (yes, no)7Fed colostrumFed colostrum soon after birth to the child born two years preceding the survey (yes, no)

Statistical analysis {#Sec7}
--------------------

All statistical analyses were carried out using the STATA version 14 package \[[@CR32]\]. STATA survey (svy) command for analyzing complex survey data was used in the data analysis of this study to take into account the complex survey design effect including clustering, stratification, and sampling weights of the BNHS 2012. The data analysis was conducted over three stages as is described below.

In Stage 1 of the univariate and bivariate analyses, the distribution of UFMR by the four groups of variables was obtained using cross-tabulations. Chi-square (χ2) tests and simple logistic regression analyses were performed. Crude (unadjusted) odds ratio (COR) and the respective 95% confidence interval (CI) were generated and reported.

Stage 2 involved employing multiple logistic regression (MLR) analysis to identify significant factors associated with UFM. A stepwise hierarchical modelling pertaining to the conceptual framework (Fig. [1](#Fig1){ref-type="fig"}) was performed for the four groups of variables, one by one and consecutively. To reduce the likelihood of missing important factors, varied significance levels were applied \[[@CR34]\]. Initially, an MLR analysis was carried out for the group of socioeconomic variables, where any variables with a *p*-value of 0.20 or lower (*p* [\<]{.ul} 0.2) as found in the bivariate analyses were entered in the model. Based on this MLR analysis, the variables having a significant association with UFM at a 10% level (*p* \< 0.1) were retained for subsequent modelling. The bio-demographic variables with a p-value of 0.20 or lower in the bivariate analyses were consequently added to the initial model and an MLR analysis was performed exploring the effect of the bio-demographic variables in the presence of significant socioeconomic variables. Variables that attained significance at a 10% level were further retained. The same approach was reiterated including environmental variables and subsequently retaining variables significant at a 10% level. Finally, the health-related variables with a *p*-value of 0.20 or lower, as found in the bivariate analyses, were entered and assessed for their effect in the presence of significant socioeconomic, bio-demographic, and environmental variables to build the final model.

Stage 3 (final stage) comprised of two additional regression modellings. The variables with a p-value of \< 0.001 obtained in the bivariate analyses and the factors significantly associated with UFM as per the literature, were included in the final model obtained in Stage 2 to reassess their effect. Additionally, the possible influence of interaction between household size and other variables (wealth index, mother's working status, mother's education level, and place of residence) on UFM was tested.

At each level of the modellings, a backwards elimination regression approach was used to build a parsimonious model. Variables found to be significantly associated with UFM at a 5% significance level (with *p* \< 0.05) were retained in the final model. The adjusted odds ratio (AOR) and the respective 95% CI were then reported. Variance inflation factor (VIF) was used to assess the multicollinearity among the independent variables at stage 2 and 3 modellings. An F-adjusted mean residual test (Stata survey command: svylogitgof) was used to assess the goodness of fit of the final model. Bootstrapping with 200 replications was used to validate the final model.

Results {#Sec8}
=======

Out of 6389 singleton live births from November 2002 to October 2007, 258 died. This gave a weighted UFMR of 36.9 per 1000 live births. The estimates of UFMR and its distribution by the four groups of factors are provided in sections a), b), c) and d) under Table [2](#Tab2){ref-type="table"}. The UFMR was found to be higher among male children, and among children whose mothers were older than 45 years, who were younger than 16 years when they first married, and had more than 4 births. The UFMR was found to be significantly higher among children born to parents without education and/or had monastic or non-formal education. Children born in households with less than 6 members, born in households without electricity, and born to non-working mothers experienced higher mortality rates. Furthermore, the UFMR was significantly higher among children born in poor households, in the eastern and the central regions, in households that used solid fuel, in households without safe sanitation facilities and among children living in rural areas. Significantly higher rate of UFM was additionally found among children whose mothers did not feed colostrum to their infants.Table 2Background characteristics and distribution of under-five mortality rate in Bhutan (*N* = 6389, *N*^a^ = 6209)VariablesNN^a^ (%)UFMR^a^*P*-value^b^*a) Bio-demographic factors*Mother's age (years)0.442 \<=25573597 (9.6)40 26--3018931877 (30.2)32 31--3518371748 (28.2)43 36--4012451174 (18.9)29 41--45595594 (9.6)40 \> 45246220 (3.5)52Mother's age when first married (years)0.101 \<= 15837857 (13.8)47 16--2038673753 (60.5)40 21--2511231076 (17.3)24 \> 25208220 (3.6)30 Not reported/missing354302 (4.9)28Mothers age when first pregnant (years)0.551 \<= 15311333 (5.4)33 16--2035083434 (55.3)39 21--2519061782 (28.7)34 \> 25381360 (5.8)28 Not reported/missing283299 (4.8)51Mother's marital status0.101 Married57425678 (91.4)38 Not married647531 (8.6)27Sex of the child0.054 Girl31923081 (49.6)31 Boy31973128 (50.4)43Total births\< 0.001 \<=2 births20722111 (34)12 3--4 births29892838 (45.7)42 \> 4 births13271259 (20.1)68 Not reported/missing10.7 (0.01)0Sex of the household head0.611 Female25602213 (35.7)36 Male38293995 (64.4)38Birth order0.101 First19682006 (32.3)29 Second or third28962732 (44)36 \> = Fourth15251471 (23.7)49*b) Socioeconomic factors*Mother's education0.031 No education38063662 (58.9)43 Primary734702 (11.3)27 High school691699 (11.3)14 Tertiary89121 (2)17 Monastic/NFE10511014 (16.3)41 Not reported/missing1811 (0.2)25Education of the husband0.002 No education27502704 (43.5)45 Primary11921141 (18.4)32 High school10151007 (16.2)18 Tertiary230262 (4.2)11 Monastic/NFE842789 (12.7)56 Not reported/missing360306 (4.9)20Education of the household head0.002 No education36853467 (55.8)41 Primary955963 (15.5)33 High school755808 (13.0)13 Tertiary206223 (3.6)9 Monastic/NFE771740 (11.9)59 Not reported/missing178 (0.1)34Household size0.098 \<=533063348 (53.9)43 \> 530832861 (46.1)30Electricity availability0.007 Yes56025519 (88.9)32 No782681 (11)77 Not reported/missing59 (0.1)0Mother's working status0.013 Working19061910 (30.8)27 Not working44174295 (68.6)42 Not reported/missing6640 (0.6)29Household head's working status0.685 Working43114444 (71.6)35 Not working20581748 (28.2)41 Not reported/missing2017 (0.3)0Wealth index\< 0.001 Poorest14071390 (22.4)64 Second12861227 (19.8)46 Middle14331289 (20.8)34 Fourth12571230 (19.8)22 Richest10061074 (17.3)13Region of residence\< 0.001 Western19132600 (41.9)19 Central23851590 (25.6)42 Eastern20912019 (32.5)56Place of residence\< 0.001 Urban13991489 (24)16 Rural49904720 (76)44Domestic violence0.666 Yes871769 (12.4)34 No55165438 (87.6)37 Not reported/missing22 (0.2)0*c) Environmental factors*Safe drinking water0.092 Yes62346043 (97.3)37 No149158 (2.5)25 Not reported/missing69 (0.2)22Safe sanitation facilities\< 0.001 Yes41374067 (65.5)27 No22422135 (34.4)57 Not reported/missing107 (0.1)0Use of solid fuel\< 0.001 Yes18001826 (29.4)55 No45884382 (70.6)29 Not reported/missing10.2 (0.003)0*d) Health-related factors*Maternal TT immunization0.421 Not immunized4639 (0.6)9 Partially immunized369355 (5.7)36 Fully immunized182160 (2.6)36 Not reported/missing^c^57925655 (91.1)37Contraceptive use0.055 Ever used53655147 (82.9)39 Never used10241062 (17.1)29Place of delivery0.087 Institutional737716 (11.5)53 Home435432 (7)39 Not reported/missing^c^52175061 (81.5)35Skilled delivery0.101 Yes749726 (11.7)52 No423422 (6.8)39 Not reported/missing^c^52175061 (81.5)35Antenatal care0.097 Yes11411123 (18.1)48 No3125 (0.4)0 Not reported/missing^c^52175061 (81.5)35Postnatal care0.060 Yes805811 (13.1)42 No367337 (5.4)61 Not reported/missing^c^52175061 (81.5)35Fed colostrum0.006 Yes10321017 (16.4)45 No6671 (1.1)97 Not reported/missing^c^52915121 (82.5)34^a^Weighted, UFMR = under-five mortality rate as 'deaths per 1000 live births', ^b^Chi-square (χ2) test, TT = tetanus toxoid, ^c^The shorter period in the provision of information on health-related variables by the Bhutan National Health Survey 2012 resulted in a huge proportion (\> 80%) of missing observations for these variables in this study

Sections a), b), c) and d) in Table [3](#Tab3){ref-type="table"} highlight the crude and the adjusted odds ratios and their 95% CIs. Compared to children whose mothers were younger than 15 years when first married, those born to mothers aged 21--25 years when first married had significantly lower odds of dying. Children born to mothers who gave birth to more than 2 children had significantly higher odds of dying. Boys were 1.38 times more likely to die than girls (*p* = 0.055). The odds of UFM was significantly lower among children whose fathers had a high school and tertiary level of education and whose household head had received high school education. The likelihood of UFM was also significantly higher among children born in households without electricity, in the eastern and central regions, and those living in rural areas. The odds of UFM reduced significantly with increasing wealth quintiles and was lower among those born to working mothers. The likelihood of UFM was 2.18 and 1.95 times significantly higher among children born in households without safe sanitation and those that used solid fuel for cooking respectively. Colostrum feeding practice after birth was associated with UFM, whereas the rest of the health-related variables were not found to be significant.Table 3Factors associated with under-five mortality in Bhutan (crude/unadjusted and adjusted odds ratio)VariablesCOR95% CI*P*-valueAOR95% CI*P*-value*a) Bio-demographic*Mother's age (years)0.189\< 0.001 \<=251.001.00 26--300.810.411.590.5250.570.301.100.093 31--351.080.562.080.8090.530.281.040.063 36--400.730.421.280.2630.290.180.45\< 0.001 41--451.020.512.010.9640.250.110.570.001 \> 451.330.473.790.5840.230.070.740.015Mother's age when first married (years)0.031 \<=151.00 16--200.840.591.190.317 21--250.500.300.840.010 \> 250.640.201.990.434Mothers age when first pregnant (years)0.630 \<=151.00 16--201.170.522.610.706 21--251.020.442.360.966 \> 250.840.312.250.725Mother's marital status0.103 Married1.00 Not married0.690.451.080.103Sex of the child0.055 Girl1.00 Boy1.380.991.930.055Total births\< 0.001\< 0.001 \<=2 births1.001.00 3--4 births4.702.266.06\< 0.0014.852.808.50\< 0.001 \> 4 births6.193.2111.95\< 0.00115.156.6034.82\< 0.001Sex of the household head0.611 Female1.00 Male1.060.841.340.611Birth order0.182 First1.00 Second or third1.270.911.780.165 \> = Fourth1.710.963.050.068*b) Socioeconomic*Mother's education0.165 No education1.00 Primary0.620.341.160.133 High school0.320.130.790.014 Tertiary0.380.072.240.282 Monastic/NFE0.960.681.360.824Education of the husband0.009 No education1.00 Primary0.690.451.060.089 High school0.380.200.730.004 Tertiary0.230.060.960.044 Monastic/NFE1.250.791.990.338Education of the household head0.006 No education1.00 Primary0.820.521.290.382 High school0.310.130.770.013 Tertiary0.220.041.260.087 Monastic/NFE1.480.952.320.086Household size0.100\< 0.001 \<=51.001.00 \> 50.700.461.070.1000.340.210.55\< 0.001Electricity availability\< 0.0010.026 Yes1.001.00 No2.531.494.270.0011.811.083.030.026Mother's working status0.013 Not working1.00 Working0.640.450.900.012Household head's working status0.501 Working1.00 Not working1.170.731.880.501Wealth index\< 0.001 Poorest1.00 Second0.700.471.050.084 Middle0.510.320.810.005 Fourth0.330.220.49\< 0.001 Richest0.190.090.40\< 0.001Region of residence\< 0.001\< 0.001 Western1.001.00 Central2.311.433.720.0011.721.072.770.025 Eastern3.112.044.73\< 0.0012.091.462.99\< 0.001Place of residence\< 0.001 Urban1.00 Rural2.891.744.81\< 0.001Domestic violence0.667 No1.00 Yes0.900.551.470.667*c) Environmental*Safe drinking water0.658 Yes1.00 No0.680.123.830.658Safe sanitation facilities\< 0.0010.012 Yes1.001.00 No2.181.622.95\< 0.0011.491.092.030.012Use of solid fuel\< 0.001 No1.00 Yes1.951.482.56\< 0.001*d) Health-related*Maternal TT immunization0.603 Not immunized1.00 Partially immunized0.400.072.470.315 Fully immunized0.390.062.810.343Contraceptive use0.056 Ever used1.00 Never used0.730.531.010.056Place of delivery0.352 Institutional1.00 Home0.720.361.450.895Skilled delivery0.410 Yes1.00 No0.750.371.520.410Antenatal careNA YesNANANANA NoNANANANAPostnatal care0.202 Yes1.00 No1.490.802.760.202Fed colostrum0.042 Yes1.00 No2.261.034.970.042*COR* crude odds ratio*, AOR* adjusted odds ratio*, CI* confidence interval*, TT* tetanus toxoid*, NA* not available

The final adjusted model revealed the mother's age, the total number of births, the region of residence, the household size, electricity, and safe sanitation as significant factors influencing UFM (Table [3](#Tab3){ref-type="table"}). Compared to those born to younger (≤25 years) mothers, children born to mothers aged 36--40 years, 41--45 years, and more than 45 years had significantly lower odds of UFM. The odds of death among children born to mothers who gave birth to 3--4 or more than 4 children was significantly higher than those born to mothers with less than 3 children. Children born in households with at least 6 members had 66% lower odds of dying before reaching the age of 5 years than those born in households with less than 6 members (*p* \< 0.001). The odds of UFM was significantly higher among children born in households without electricity (AOR = 1.81, *p* = 0.026) and those born in the central (AOR = 1.72, *p* = 0.025) and eastern (AOR = 2.09, *p* \< 0.001) regions. The likelihood of UFM was 1.49 times higher for those children born in households without safe sanitation facilities than their counterparts (*p* = 0.012).

The possible influence of interaction between household size and other variables (wealth index, mother's working status, mother's education level, and place of residence) on UFM was found to be not significant, and are thus not reported. All VIFs were \< 10, suggesting that multicollinearity was not a concern in the regression analysis. The F-adjusted mean residual goodness of fit test indicated no evidence for a lack of fit of the final model (*p* = 0.120). The bootstrap estimates were highly close to that of the final model supporting the internal validity of the final model (Additional file [1](#MOESM1){ref-type="media"}: Table S1).

Discussion {#Sec9}
==========

To the best of our knowledge, this is the first study investigating the factors influencing UFM in Bhutan using the most recent nationally representative datasets of the BNHS 2012. The most significant predictors were, the total number of births, the household size, the region of residence, the mother's age, safe sanitation, and electricity. The education level of the household head and the father, the mother's age when first married and working status, the wealth index, the place of residence, solid fuel use, and colostrum feeding were also found to be significantly associated with UFM when not adjusted for other variables. Identification of these factors can be imperative in informing the design of evidence-based strategies aimed to improve child survival. The UFMR estimate in this study was 36.9 per 1000 live births (258 under-five deaths of the total 6389 singleton live births), while the BNHS 2012 reported 236 under-five deaths of the total 6237 live births giving a UFMR of 37 per 1000 live births \[[@CR5]\]. The inclusion of births with the missing month of the birth year and restriction to singleton births in this study might have led to this marginal difference in the UFMR estimate.

This study found that the odds of UFM significantly decreased with the increase in mother's age. The finding is consistent with other studies from India and Africa that found a lower likelihood of UFM among children of older mothers \[[@CR15], [@CR23], [@CR35]\]. However, some studies showed a higher risk of child mortality in younger and older mothers \[[@CR12], [@CR25], [@CR36]\]. A low level of education, pregnancy complications associated with waning reproductive system, higher parity and chronic illnesses typical of old age are possible explanations. Older mothers, nevertheless, may also be well prepared socially and mentally to care for their child. They could also be economically better, which could impact child health and development \[[@CR37]\], possibly attributable to the higher use of maternal and child health services \[[@CR38]\]. The finding indicates that children of young mothers are faced with higher mortality and suggests the need to intensify reproductive health education and family planning services.

This study also found that higher number of births were associated with a greater risk of UFM. Studies have also shown similar elevated risk of UFM among children born to mothers who gave more births \[[@CR14], [@CR15], [@CR19]\]. Higher parity is often associated with shorter birth intervals, which influences UFM risk through depletion of mother's health and nutritional status, and premature birth \[[@CR39]\]. Pressure on resources in the household can also increase with an increase in the number of children potentially leading to undernutrition. Higher parity can be also related to the inadequate knowledge, availability, and use of family planning services. The contraceptive prevalence rate in Bhutan was 65.6% in 2010 \[[@CR31]\] and the unmet needs of contraception for Bhutanese women aged 15--19 years was 27.4% \[[@CR40]\]. Therefore, enhancing health education and access to health and family planning services may potentially improve child survival.

Consistent with findings of other studies \[[@CR23], [@CR27], [@CR28], [@CR36]\], this study also found that larger family size was associated with a lower risk of UFM. The findings support the view that larger households may have better resources such as more experienced child care providers and more working-age adults contributing to the household income. This relationship is plausible in the Bhutanese context where the tradition of extended family is still vibrant in the communities although this is changing gradually \[[@CR41]\]. Additionally, a national survey found that one in every five people was a member of an extended family \[[@CR42]\]. Besides, the household size as per the BNHS 2012 considers all persons living together and sharing living space and food arrangement including family resources. Thus, infants and small children usually live with a whole cluster of adults including older siblings who can take care of the child. In contrast, the higher risk of child death has been associated with larger family size \[[@CR21]\]. Larger family size may indicate more children, leading to intra-sibling competition for limited resources and inadequate attention and care to children heightening their mortality risk. However, the finding in this study suggests that larger family size is protective against UFM in Bhutan, possibly through more people to care for the child and resources.

In this study, children born in the eastern and central region had significantly higher UFM risk than those born in the western region. The result supports the findings of BMIS 2010 that also revealed a higher risk of child deaths in the eastern region \[[@CR31]\]. This can be explained partly by the high incidence of poverty particularly in rural areas of the eastern and central districts of Bhutan, and of malnutrition, poor sanitation and low health knowledge in eastern Bhutan \[[@CR31], [@CR42]--[@CR44]\]. Equally, the districts in the western region were found to have a far greater chance of escaping hunger, possibly from the accessibility to health and public services \[[@CR44]\]. These indicate that equitable regional socioeconomic development may help reduce regional disparities in child survival and reduce UFM mortality.

The availability of electricity in the households emerged to be a significant protective factor against UFM in Bhutan. This finding is consistent with results from other studies \[[@CR17], [@CR25], [@CR26]\]. The availability of electricity could enable the access of radio and television to facilitate health awareness and promote hygienic practices (such as refrigeration of foods) that can reduce infectious diseases (such as diarrhoea) among children. Availability of electricity may also indicate a higher social status of a household \[[@CR17]\]. Besides, it may potentially enhance income from longer working hours after dusk, particularly in the rural areas, and improve indoor air quality through decreased use of solid fuels thereby contributing towards reduction of respiratory infections including pneumonia in children. As expected, the probability of UFM was significantly lower in the households with safe sanitation facilities. The coverage of safe sanitation in Bhutan was low at 58.4% \[[@CR31]\]. Furthermore, the effect of inadequate sanitation is reflected in the high prevalence of diarrhea, malnutrition, and respiratory infections \[[@CR5], [@CR31], [@CR45]\]. Both the results imply the need for interventions to further promote and improve sanitation and hygiene and increase electricity coverage.

Policy implications {#Sec10}
-------------------

The findings of this study suggest that improving sanitation and hygiene, access to electricity, family planning services, reproductive and health services, and ensuring regional equitable development can improve child survival. The findings can be useful in devising focused strategies to improve child health and reduce health inequalities in Bhutan. This is expected to help the child and related health programs to identify the at-risk population essential to target interventions and channel resources. The findings can also assist advocacy for equitable regional development and in designing educational programs. Likewise, the results can support resource mobilization efforts aimed to improve sanitation, family planning and health education. The present study also serves as a basis for future studies and in evaluating child health policies.

Strengths and limitations of the study {#Sec11}
--------------------------------------

This study is a first of its kind to be undertaken in Bhutan using a nationally representative dataset. The large sample size, a high response rate, and the use of valid survey methods lends to the study's credibility. Moreover, the availability of a wide range of variables permitted deeper investigation of numerous factors. Additionally, the use of complex survey data analysis with a stage-wise regression modelling approach allays the fear of drawing biased inferences arising from multi-stage stratified sampling.

This study also had the following limitations. Firstly, the cross-sectional design of the study prevents drawing causal inferences on the associations revealed. The demographic and health surveys are retrospective studies. Thus, they are prone to recall bias in remembering birth history and mortality events. These surveys only interviewed mothers who are alive, which could have led to the underestimation of UFMR and the effect of various factors. Furthermore, due to the non-availability of information, the effect of a few factors such as birth weight and/or size, birth interval, and polygamy could not be assessed. The lack of information for a large number of observations for health-related variables could have restricted this study in examining their effect on UFM. The beneficial effects of health factors are incontrovertible and thus need to be investigated in future studies. Finally, the backwards elimination regression approach used in this study may underestimate the importance of certain combinations of variables and also has the potential to identify spurious associations arising from model overfitting \[[@CR46]\].

Conclusions {#Sec12}
===========

Based on the dataset of BNHS 2012, the weighted UFMR in Bhutan was 36.9 per 1000 live births in 2012. Mother's age, region of residence, total number of births, household size, access to electricity, and safe sanitation were significantly associated with UFM. Under-five mortality is still an important public health concern in Bhutan and the factors influencing it are varied. Intensified efforts are required to address these factors with targeted interventions to achieve the SDGs by 2030. Empowerment of women through education and wider health education coverage, particularly in rural and lesser inaccessible areas, will have a broader impact on child survival by improving the socioeconomic status, health awareness and health service utilization. Programs should promote breastfeeding and family planning services, as well as motivate the use of health service and positive health behaviours. Additional efforts to promote sanitation and hygiene and to increase access to mother and child health services in rural and lesser accessible areas should be prioritized. Strategies aimed towards ensuring equitable regional socioeconomic development may further impact child survival.

Additional studies including information on birth interval, birth size/weight, and health-related factors are required. Factors impacting infant mortality also need to be examined, given that mortality is likely to be concentrated in this group with improvements in child survival. Similar future studies can thus enable the comparison of factors and in assessing improvements in health inequalities over time. Doing so can help inform strategies most relevant to the changing epidemiology of child survival in Bhutan.

Additional file
===============

 {#Sec13}

Additional file 1:**Table S1.** Comparison of odds ratio estimates in final model with bootstrapped estimates from 200 replications. (DOCX 19 kb)
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